Activation of glycogen synthase kinase 3beta disrupts the binding of hexokinase II to mitochondria by phosphorylating voltage-dependent anion channel and potentiates chemotherapy-induced cytotoxicity.
Transformed cells are highly glycolytic and overexpress hexokinase II (HXK II). HXK II is capable of binding to the mitochondria through an interaction with the voltage-dependent anion channel (VDAC), an abundant outer mitochondrial membrane protein. The binding of HXK II to mitochondria has been shown to protect against loss of cell viability. Akt activation inhibits apoptosis partly by promoting the binding of HXK II to the mitochondria, but the mechanism through which Akt accomplishes this has not been characterized. The present report shows that Akt mediates the binding of HXK II to the mitochondria by negatively regulating the activity of glycogen synthase kinase 3beta (GSK3beta). On inhibition of Akt, GSK3beta is activated and phosphorylates VDAC. HXK II is unable to bind VDAC phosphorylated by GSK3beta and dissociates from the mitochondria. Inhibition of Akt potentiates chemotherapy-induced cytotoxicity, an effect that is dependent on GSK3beta activation and its attendant ability to disrupt the binding of HXK II to the mitochondria. Moreover, agents that can force the detachment of HXK II from mitochondria in the absence of Akt inhibition or GSK3beta activation promoted a synergistic increase in cell killing when used in conjunction with chemotherapeutic drugs. Such findings indicate that interference with the binding of HXK II to mitochondria may be a practicable modality by which to potentiate the efficacy of conventional chemotherapeutic agents.